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Science: How were the Criteria Derived?

Nutrient criteria development for wadeable streams across a
large, diverse state required 3 major parts:

Identification of appropriate geographic zones 1n which
specific nutrient criteria (e.g., total P, total N) would

apply

Understanding of cause-effect (i.e., stressor-response)
relationships between nutrients and beneficial uses (e.g.,
fisheries, recreation, aquatic life)

* Requires determination of “harm to use”

Water quality data from reference sites
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Science: (1) Identifying an Appropriate
Geospatial Framework

 We tested three mapping systems as candidates for
“nutrient zones”
— Ecoregions
— Lithology
— Strahler stream order

— Used non-parametric and parametric tests to analyze
« Kruskal Wallis Test
« ANOVA

» Best geospatial framework maximizes the variance
between nutrient zones, minimizes variance within
zones
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[ Ecoregions of MT (Woods et al. 2002)
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USGS Geology Map of Montana (195)5)
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Strahler Stream Order
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Science: (1) Conclusions about the Geospatial
Frameworks

* Level III & IV ecoregions worked better than
lithology and stream order, in terms of
significantly explaining variation in nutrient
concentrations, practicality of application

* Ecoregions explained sufficient spatial
variability in nutrients to be used as a basis to
establish criteria across Montana

— Typically 60-78% of variation in reference stream
data, depending on test type, nutrient, season

0006081




Science: (2) Stressor-response, Harm-to-use

 Stressor-response studies (e.g., TN vs.
dissolved oxygen concentrations)

 Harm-to-use thresholds: Identifying the

point where nutrient concentrations begin to
impact sensitive beneficial uses

— Recreation (nuisance algae public-opinion
survey)

— Fish & aquatic life

0006082




fﬁé%%
ﬁf’@s

. . eps s ) @ / Lfﬁ: g % é ﬁ b A {;’m Xﬁ‘?}a
Clark Fork River Low-NutrientArtificial Stream Study: - ’ . . .
benthic diatom response to increased P conc. (Nunlimiting),

9y
/%/«« 11 ¢ (
i e, o . . g ¢
ux A e L L e b o b O A W L e b

Artificial Stream Study: Diatom peak biomass as a
funtion of soluble reactive Phosphorus

R
:
<
=
o
=]
g
@
@
:
EE
<
]
]
==

i
<
1ol

10 15 20 25 30 35 40 45 50 55 60
Added P (ug/L)

Peak Biomass (mg Chl a/mz)

0006083



Beaverhead River (downstream
of Blue Ribbon trout fishery)

uisance algal
ogrowth
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Mean TN (mg/L)
1.50 1.75

Hollow: Reference

Solid: Non-Reference
Triangle: Macrophytes cover
>10% of reach.
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Science. (3) Reference Stream Sites

Reference Streams: Nutrient concentration data from reference streams — which in
most cases don’t have heavy benthic algal growth or low dissolved-oxygen — were
compiled for each ecoregion

prairie-stream
reference site
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Science: Comparing Stressor-response Study
Results to Reference Data - Why do it?

Individual stressor-response studies are geographically
limited, each has i1ts own statistical uncertainties

Individually, each stressor-response study is suggestive:
collectively, they become far more conclusive
— Akin to a “strength-of-evidence” approach

— Comparing results from a regional stressor-response study to
reference data from its corresponding ecoregion provides a means to
tie various studies together

Helps assures that criteria for any region are not overly
stringent or insufficiently protective
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Figure £ 2 Conceptual Diagram Showing a MNutrient Concentration Histogram for Eeference Sites.
The figure shows where along the z-ams, relative to the histogram, nutrient concentrations likely to

impact beneficial water uses would be expected to be found
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Science: Allowable Exceedence Rate for the Criteria (i.e., frequency)

Criteria not “no sample shall exceed”
EPA recommends 10-25% exceedence rate for most types of criteria
(source: 303[d] listing guidance)
Analysis of a 9-year dataset on Clark Fork River (river has numeric
nutrient criteria in place)
Some sites consistently have nuisance algae levels, others rarely
~54% of N and P samples from sites with nuisance algae exceed criteria
~6% of N and P samples from sites without nuisance algae exceed criteria

25% exceedence appears to be a threshold. Keeping algae below nuisance
levels appears to become untenable at higher exceedences

Recommending a 20% allowable exceedence rate to accompany the
numeric nutrient criteria, for 303(d) assessment purposes
Consistent with the fact that, collectively, reference sites have a
~10% criteria exceedence rate

|| constrains false positive rate
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Science: Coming Full Circle

e Will test draft criteria in a whole-stream nutrient
dosing study
— Dosing a reference stream with N, P
— BACI design

(1) Control reach, (2) experimental reach (@ criteria,
(3) experimental reach (@ saturation

« About the only way to directly test affects of
nutrients on streams at the landscape scale

“Study — formulate criteria — test — repeat”
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Work on Other Waterbody Types

e [.akes

» Large Rivers: Pilot effort on lower
Yellowstone River using a water quality
model (QUALZ2K) - nearing completion
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Summary of Key Points

» Ecoregions (level 11l and IV) are a practical
mapping system for creating nutrient zones

Linking together information from stressor-
response studies and reference sites greatly
increases confidence in criteria

Montana wadeable stream nutrient standards will
only apply for about 3 months each year (1.¢.,
summer)

— Except where downstream terminal waterbodies would
drive the stream criteria
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